The ferrocene/Poly(vinyl pyrrolidone) (PVP) composite membranes have been successfully prepared by using electrospinning and polarization coating techniques, respectively. The composite membranes were characterized by means of SEM (scanning electron microscopy), UV-vis absorption spectra, FT-IR (Fourier transform infrared), XRD (X-ray diffraction) and a radio frequency (RF) impedance/capacitance material analyzer. Results showed that the dielectric constants of the ferrocene/PVP composite nanofiber membranes were lower than the coating membranes. The dielectric constants of nanofiber membranes were decreasing with the increasing amount of ferrocene in the solvent, but those of coating membranes were increasing with the increasing amount of ferrocene.
INTRODUCTION
Over the past decade, polymer-based nanocomposites have gained interest rapidly due to their favorable and often unique combination of properties. 1 2 Because of the small dimensions of the filler particles and the resulting high surface-to-volume ratio, nanocomposites typically have, even at low filler concentrations, a high fraction of interfacial regions (interphase) with a major influence on the physical properties, and therefore on the material performance. 3 Filling of polymers makes it possible to obtain materials with novel working properties. Fillers can exert various kinds of influence on properties of polymers, including electrical properties. Fillers of varied nature with various characteristics can both improve and deteriorate the electrical properties of polymers. 4 5 However, the lack of a rigorous oretical substantiation of manifestations of the electrical effect in polymeric composites and the insufficient amount of experimental data on the processes of formation and relaxation of charges in these materials strongly hinder the technical application of composite electrical materials.
Considerable efforts have recently been directed toward the exploitation of new nanostructured hybrid organicinorganic composites for their scientific interest and their * Author to whom correspondence should be addressed. industrial applications. 6 7 That is because of their utility and potential as catalysts, 8 sensors, 9 optical and electronic applications, 10 gas selective membranes, 11 etc. In general, composite materials are formed when at least two different types of materials (organic, inorganic, or metallic) are mixed. The combination of organic and inorganic materials is expected to provide remarkable and complementary properties, which cannot be obtained with a single material. Organic/inorganic nanocomposites, in which two components were mixed at the nanometer level, usually exhibit improved performance properties compared to conventional composites, in which two components were mixed on a macroscopic scale (>micrometers), owing to their unique phase morphology and improved interfacial properties. 12 13 Ferrocene[bis(cyclopentadienyl)iron(II); Fe(C5H5)2 or FeCp2, where Cp · represents a cyclopentadienyl radical] is an organometallic sandwich compound, and its molecular structure has been reported in detail. 14 Ferrocene has a high density of electronic states of various multiplicities 15 16 and a large number of vibrational modes. 17 18 In this paper, we use two techniques to obtain the ferrocene/PVP composite membranes. One is the electrospinning technique, the other is polarization coating.
The electrospinning technique has been proved to be a versatile and effective method for manufacturing microscale to nanoscale fibres. A variety of materials, such as polymer 19 20 and inorganic [21] [22] [23] and hybrid (organic/ inorganic) compound 24 nanofibres, have been prepared using the electrospinning method. The nanofibres have many potential applications in membrane technology, 25 tissue engineering, 26 optical sensing and biosensing, 27 superhydrophobic surface production 28 and drug delivery. 29 30 The polarization coating technique was to polarize the solution under high-voltage electric field first, then coat the polarized solution on substrates. Here we report on ferrocene/PVP composite nanofiber and coating membranes, obtained for the first time by a simple electrospinning and polarization coating methods, respectively.
EXPERIMENTAL DETAILS

Materials
Poly(vinyl pyrrolidone) (PVP, M w = 1 300 000) was purchased from the Adrich Chemical Company, Inc., ethanol was from Beijing Chemicals Co., China; G.R., and ferrocene (98%) was from Shanghai Chemical Factory.
Instruments
The Scanning electron microscopy (SEM) measurements were performed on a SHIMADZU SSX-550 microscope. UV-vis spectra were recorded on UV-2501 PC Spectrometer (SHIMADZU). FT-IR spectra were recorded on a BRUKER VECTOR 22 spectrometer using powder-pressed KBr pellets. XRD patterns were obtained with a Siemens D5005 diffractometer using Cu K radiation. The dielectric constants were recorded on a RF impedance/capacitance material analyzer (Hewlett Packard Model 4291 B) in a frequency range of 100 KHz to 1 MHz, at 50% relative humidity (25 C) under ambient atmosphere.
Preparation of Ferrocene/PVP Nanofiber Membranes and Coating Membranes
The ferrocene/PVP solution was prepared by dissolving the ferrocene and PVP powder in ethanol under magnetic stirring for 24 h at room temperature. Then the composite solution was held in a spinning nozzle with a tip diameter of 1 mm. A copper pin connected to the anode of a high-voltage generator was placed in the solution. A voltage of 10 kV was applied to the solution and nanofiber membranes were collected on an aluminum foil, at a distance of 15 cm from the tip of the nozzle. At the same time some ferrocene/PVP composite solution was add to a beaker, on top and bottom of which had two aluminum foils, respectively. One aluminum foil was connected to anode; the other was connected to cathode. The solution was polarized under an electric field of 10 kV for 2 h at room temperature. Then the polarized solution was coated on ITO (indium and tin oxides electrode) glass substrates. Figure 1 shows the SEM images of PVP nanofibers (a) and ferrocene/PVP composite nanofibers at the different weight ratio of ferrocene: PVP while holding the PVP concentration at 10 wt% (b) (c) (d). The morphology of fibers is smooth and uniform, which does not change with of the amount of ferrocene added. They are longer than several millimeters, with diameters between 400 nm and 2 m. The photograph of the coating membranes from ferrocene/PVP composite was shown in Figure 2 . The left was the PVP membranes and the right was the ferrocene/PVP composite membranes. The yellow circles on the membranes were vaporized Au, which was used as electrode when the membranes were analyzed using a RF impedance/capacitance material analyzer. The UV-vis spectra were used to test the existence of ferrocene in composite nanofibers. The typical UV-vis spectra of ferrocene in ethanol are shown in Figure 3 (a). The absorption band of ferrocene/PVP nanofibers ( Fig. 3(b) ) developed at 325 nm and 440 nm were Figure 6 shows that the dielectric constants of nanofiber membranes were decreasing with the increasing amount of ferrocene in the solvent. And the dielectric constants of coating membranes were increasing with the increasing amount of ferrocene (Fig. 7) . Prompted by the large quantity pores (air inside) in our nanofiber membranes as shown in Figure 1 , two pieces of several microns thick nanofiber membranes are measured for dielectric constant test. Table I shows the dielectric constants of nanofiber membranes and coating membranes in different ferrocene/PVP scale at PVP 10 wt% concentration under the frequencies of 100 KHz and 1 MHz, respectively. From this, it can be seen that the dielectric constants of the prepared ferrocene/PVP nanofiber membranes are from 1.41 to 1.54, which is less than the coating membranes after polarization. The dielectric constants of coating membranes are from 11.51 to 22.60, which are larger than 3.5 reported in the literature. 31 The dielectric constants under 1 MHz frequency are lower than under the 100 KHz frequency.
RESULTS AND DISCUSSION
CONCLUSIONS
Ferrocene/PVP composite membranes were successfully prepared via the electrospinning and polarization coating techniques. SEM images showed that the diameters of the electrospun fibers were between 400 nm and 2 m. X-ray diffraction results showed that ferrocene was obtained in PVP fibers. FT-IR and UV-vis spectra were also used to characterize the structure of ferrocene/PVP composite nanofibers. Furthermore, we used 100 KHz and 1 MHz two frequencies to investigate the dielectric constants of composite nanofibers and polarization coating membranes. The results showed that the dielectric constants of nanofiber membranes are from 1.41 to 1.54, which is less than the coating membranes after polarization. The dielectric constants of coating membranes are from 11.51 to 22.60. The dielectric constants under 1 MHz frequency are lower than under the 100 KHz frequency.
